Equivalence formation, expansion , and reversal were investigated as a result of arbitrary matching associated with specific reinforcers. Four 4-and 5-year-old normal children were taught identity matching with stimuli, A, B, C, and D, and stimulusspecific reinforcement. Then the children were taught two conditional discriminations AB and BC. All subjects showed formation of the ABC stimulus classes; one subject, however, did not show expansion to ABCD classes. This subject was taught to name the D stimuli, he then demonstrated the expanded class. Next, 2 subjects who showed expanded classes were taught identity matching with the reinforcers reversed for the D stimuli. In tests that followed , their matching responses remained consistent with the original equivalence classes. These subjects were then taught to reverse the names for the D stimuli. As a result, the children reversed the classes. The results suggest that class expansion and subsequent reformation of classes may be facilitated when stimulus within each class controls a common naming response.
Mackay, & Stoddard (1989) , and Schenk (1994) , has demonstrated that stimulus equivalence classes may be expanded as a function of stimulusreinforcer relations. Oube et al. (1989) taught identity matching and arbitrary matching to retarded subjects using two different reinforcers, one for each potential class of stimuli. Throughout training, correct selections of A 1, B1 , C1, and 01 were always followed by food (R1), and correct selections of A2., B2, C2, and 02 were followed by drink (R2). On identity-matching trials, in the presence of Sample A 1, selections of A 1 were reinforced with R1 , and in the presence of A2., selections of A2. were reinforced with R2, and similarly, for Stimulus Sets B, C, and O. On arbitrary-matching trials, in the presence of Sample A1, selections of B1 were reinforced with R1 and, similarly, in the presence of B1, selections of C1 were also followed by R1. In the presence of A2., responses to B2 were reinforced with R2, as were responses to C2 when B2 was the sample.
In the tests that followed, both subjects showed formation of the class comprising A, B, and C stimuli, and also expansion to encompass the 0 stimuli. That is, they were able to match 01 to A 1, B1, and C1 and 02 to A2., B2, and C2 as well as A 1, B1, and C1 to 01, and A2., B2, and C2 to 02 demonstrating two classes of stimuli: A1-B1-C1-01 and A2.-B2-C2-02. Oube et al. (1989) noted that the classes entailing the stimuli A, B, and C could have resulted purely from the AB and BC arbitrary-matching training but, because the 0 stimuli never appeared on arbitrary-matching trials, their inclusion in the classes must have been based on relations with the common reinforcers during the identity-matching training.
The role of the common reinforcers was later confirmed in a second stage of the experiment. In that stage, Oube et al. (1989) reversed the reinforcement contingencies on the identity-matching trials with the 0 stimuli. Matching 01 to 01 now produced R2, drink, and matching 02 to 02 now produced R1, food . This reversal in the reinforcement contingencies also produced a corresponding reversal in the stimulus class membership of the 0 stimuli. Now the classes consisted of A 1-B1-C1-02 (all the stimuli now associated with one particular type of reinforcer, food, R1), and A2-B2-C2-01 (all the stimuli now associated with the other type of reinforcer, drink, R2). The rearrangement of classes with the 01 stimulus moving into the A2, B2, and C2 class and the 02 stimulus into the A1, B1 , and C1 class demonstrated that stimulus class expansion can occur on the basis of stimulus reinforcer relations. Schenk (1994) conducted a systematic replication of the Oube et al. study with preschool children. However, rather than using food and drinks as outcome specific reinforcers, Schenk used blue beads to reinforce correct selections from one potential stimulus class and red beads to reinforce correct selections from the other stimulus class. On each trial for which a correct response was given, the experimenter told the child to take a red or yellow bead. The child then took the bead and placed it in a vase that matched the color of the bead, thus ensuring that the child had discriminated the two different consequences. Once either vase was filled the child could exchange the beads for a previously selected picture. The responses of 7 of 8 children demonstrated the development of the two ABC equivalence classes (A 1, B1 , C1 and A2, B2, C2) based on A-B and A-C training. The responses of 6 of 8 children also demonstrated that the D1 stimulus was a member of the A1, B1, C1 class and that the 02 was a member of the A2, B2, C2 equivalence class. Schenk did not reverse the D1 and 02 reinforcer relations as did Dube et al. As Schenk noted, the expansion of the classes to include the 0 stimuli could have been a function of either specific reinforcement or a function of the experimenter naming the color of the specific reinforcer on each trial. The current studies extended the results of the Schenk study by (a) determining whether the responses of preschool children would demonstrate class expansion when the experimenter does not name the colors of the reinforcers; (b) determining whether reversal of the specific stimulus-reinforcer relationship for the 0 stimuli results in a change in equivalence class membership as was demonstrated in the Dube et al. study; (c) determining whether spontaneous naming of the sample and/or comparison stimuli according to the colors of the reinforcers occurs; and (d) investigating the effects of teaching children to name the sample and comparison stimuli of each potential class according to the color of the reinforcers on equivalence class expansion.
Experiment 1
Experiment 1 replicated the first phase of the Dube et al. (1989) and the Schenk (1994) studies with normal preschool children and evaluated the relation of their spontaneous naming of the sample and/or comparison stimuli according to the consequence colors.
General Methods

Subjects
Three boys (Robin, Alec, and James) and one girl (Emma) from a local public school in Bangor, North Wales, whose ages ranged from 4 to 5 years at the beginning of Experiment 1, participated. They were being taught both English and Welsh . Figure 1 shows a diagram of the experimental set up. Subjects were seen in a small area in one corner of a large quiet hall at the children's school. The experimental area was separated from the hall area by a wooden panel. Another wooden panel separated the subject from the experimenter. Stimuli were presented via a 12-in. computer monitor. The screen was divided into five areas, a center square (about 5 cm) with four additional squares (about 5 cm) located toward the corners of the screen. The sample stimulus always was presented in the center position and the comparison stimuli were presented in two of the four outer positions. The positions in which the comparison stimuli were presented were determine~ randomly. The reinforcers were red and yellow tokens. Yellow tokens (R1) could be exchanged for 5 to 7 minutes of video cartoons and red tokens (R2) could be exchanged for small toys.
Setting, Apparatus, and Stimuli
An Apple lie computer controlled stimulus presentations, the auditory feedback provided for correct and incorrect responses, and recorded the data provided by the experimenter. The child responded by pointing to a stimulus presented on the screen. A video camera and monitor allowed the experimenter to observe the child's responses. When the child pointed to a stimulus, the experimenter pressed the appropriate key to record the child's selection and to activate the auditory feedback provided by the computer. Both the subjects pointing responses and verbal behavior were recorded by a video camera. If the response was to be reinforced, the experimenter delivered a token into a tray located on the child's left panel. The child then retrieved the token and moved it to one of two positions on a 15 cm by 17.8 cm matrix on the right-hand panel. The matrix consisted of eight columns of six rows. If a yellow token (R1) was delivered, the child was to place it in the rightmost column of the matrix. If a red token (R2) was delivered, the child was to place it in the leftmost column of the matrix.
The stimuli used during pretraining were black line drawings of familiar objects (car, hat, flag, and mug) and those used during training and test trials consisted of the abstract forms measuring about 3 cm by 4 cm as shown in Figure 2 . 
General Procedures
Sessions were conducted once a day, 5 days a week, and each session lasted for about 20 minutes. The number of trials varied across sessions, however, the maximum number of trials per session was 48. Each trial began with the presentation of the sample stimulus in the center of the 5-position display. Touching the sample stimulus was followed by the presentation of two comparison stimuli. Pressing a comparison stimulus was followed by whatever consequences were programmed for the selection during the phase. Additional touches of any of the positions produced no consequences. Trials were separated by a 5-s intertrial interval during which all positions remained blank. If feedback was programmed, an incorrect response resulted in the presentation of a buzzer, followed by the intertrial interval. If feedback was programmed, correct selections resulted in a sequence of tones, accompanied by verbal comments from the experimenter (i.e., "well done:' "brilliant," and so forth) and by presentation of either a yellow token (R1) or a red token (R2). As stated above, the child retrieved the token from the left-hand tray and placed it in the appropriate column in the matrix on the right panel. This procedure ensured that the child was discriminating the two types of consequences.
. After completing a column of six tokens of the same color, the subject was given an extra token of that color. The "extra" tokens were exchanged after the session ended . Each set of six yellow tokens was exchanged for 5 to 7 minutes of children's video cartoons and each set of six red tokens was exchanged for small toys.
Pre training
In two introductory sessions intended to teach the task and how the reinforcement system worked, subjects learned identity matching with line drawings of familiar objects (car, hat, flag, and mug). For the initial trials, in the presence of the sample, they were given minimal instructions, ''Touch it:' which was repeated after the comparisons appeared. In this particular phase, correct selections were followed by either R1 or R2 in a random fashion (nonspecific reinforcement). During pretraining, in addition to learning identity matching, the children learned where to place the yellow and red tokens. Criterion to start identity training with the abstract forms used in the main experiment was a minimum of 43 (of 48) correct trials.
Identity Matching-to-Sample Training Procedures
A delayed-prompt procedure adapted from Dube et al. (1989) was used to teach identity matching with the abstract forms. During this procedure, on the first trial, only the correct comparison was presented after the sample had been touched. On the second trial the incorrect stimulus was also presented, but for only 0.5 s. On subsequent trials, the duration of the incorrect comparison stimulus was increased by 0.5 s after two successive correct selections, and decreased by 0.5 s after each incorrect selection. The outcome-specific procedure was in effect during this and all subsequent phases of the experiment. R1 followed correct selections of A 1, B1, C1, 01, and R2 followed correct selections of A2, B2, C2, and 02. Each possible trial type (A 1 A 1; A2A2; B 1 B 1; B2B2; C1 C1; C2C2; 0101; 0202) was presented a maximum of six times per session. While the maximum number of trials per session was 48, the average number of identity trials ranged from 20 to 30 for the 4 children. In order to reach criterion the child had to respond correctly prior to the prompt on the last 12 trials of a session; and respond correctly to at least 90% of the trials of the total session. After reaching criterion, the children were given variable amounts of overtraining with the identity task to ensure that they had been extensively exposed to the different consequences. While the delayed prompt procedure was sufficient to establish identity matching with 3 of the children, additional procedures, which are described in the results section, were necessary for Emma.
Arbitrary Matching-to-Sample Training Procedures
Immediately after meeting criterion on identity matching, subjects were introduced to arbitrary-matching training. Initially, during AB training, A 1 and A2 were sample stimuli and B1 and B2 were comparisons. Selections of B1 and B2 in the presence of the samples A1 and A2 were followed by R 1 and R2, yellow and red tokens, respectively. Each A 1 B 1 and A2B2 trial type was presented 24 times in a random order. Special training procedures were necessary to teach the AB conditional discrimination for 2 subjects. These procedures are described in the results section. Criterion for arbitrary matching was the last 12 trials correct, and with at least 90% correct for the complete 48-trial session. After criterion for AB was met, BC training was introduced. During BC trials, B1 and B2 were sample stimuli and C1 and C2 were comparison stimuli. Pressing C1 in the presence of B1 and C2 in the presence of B2 produced R1 and R2 (yellow and red tokens), respectively. Each B1 C1 and B2C2 trial type was presented 24 times in a random order. The criterion for BC training was the same as for the AB training.
Baseline Consisting of Identity-Matching and Arbitrary-Matching Trials
After criterion was met on BC trials, identity-matching trials (AA, BB, CC, and DD) were mixed with arbitrary-matching trials (AB and BC) as follows: 4 AA; 4 BB; 4 CC; 8 DD; 14 AB; 14 BC. Once a criterion of 90% correct was met for a 48-trial session with all trial types intermixed, reinforcement probability was reduced so that only 75% of correct selections were followed by differential consequences. This condition was introduced with the following instruction: "Sometimes, now the computer will not make any noises to tell you if you are right or wrong , and sometimes you will not see any tokens come down here (experimenter pOinted to the tray). Instead, I'll keep your tokens behind the screen and you'll get them all when you have finished . Just keep doing your best and keep trying to get them right:'
Stimulus Class Probes
Probe sessions tested for the formation of two stimulus classes: A 1 B1 C1 D1 and A2B2C2D2. Initially each probe session contained six unique unreinforced test trials randomly interspersed among 42 intermittently reinforced (70%) baseline trials. Baseline trials consisted of 14 AB and 14 BC arbitrary-matching trials mixed with. 2 AA, 2 BB, 2 CC, and 8 DD identity-matching trials.
Six probe trials, selected from the set of trials evaluating the ABC equivalence class (B1-A1 ; B2-A2; C1-B1; C2-B2; A1-C1; A2-C2; C1-A1 ; C2-A2), were presented in the first session. In the second session , probes of the following relations of A , B, and D stimuli were presented (A1-D1 ; A2-D2; D1-A1; D2-A2; B1-D1; B2-D2), and in the third session , probes for the following relations of D, B, and C stimuli were presented (D1-B1 ; D2-B2; C1-D1 ; C2-D2; D1-C1; D2-C2) . Thereafter, the three types of probe sessions alternated across the early sessions. After the criterion had been met for specific relations, the number of probes for the remaining relations were sometimes increased.
To meet criterion on a specific relation (e.g., A 1-D1 ; A2-D2) , the child had to make either six of six or seven of eight class consistent responses. Because only one or two trials tested a specific relation during a single session, several sessions were required to test each relation.
Recording and Transcription of Verbalizations
As mentioned above, sessions were videotaped. After completion of the data collection, the transcriptions were analyzed to determine whether the subjects had named the stimuli according to the color of the token presented for correct selections. First, typed transcriptions from the video were made. The verbalizations considered for the study were only those which were prompted by the presence of either the stimuli or the reinforcers, or any part of the reinforcement system which indicated the subjects were giving names to them, including the words "yellow," "red," or others, throughout the sessions. Verbalizations prompted by any other stimuli were not considered . Reliability of session transcriptions was calculated for all of Alec's and James' sessions and for nine of Robin's sessions. No reliability data were obtained for Emma's transcriptions. An agreement was defined as when the observations of the two independent observers matched on color names given by the subject on the same trial. Reliability was calculated by multiplying the number of agreements over agreements plus disagreements by 100.
Results
Pre training
Criterion was met in the first session by Emma and James, and in the second session by Robin and Alec.
Baseline Training
Identity matching-to sample. All subjects, except for Emma, learned identity matching with very few errors. Robin and James received a total of five sessions and Alec received six. Emma, however, made a larger number of errors (63) across the 10 sessions needed to meet criterion and several additional teaching procedures were required. The delayedcue procedure was in effect for three sessions. On the fourth session, the delayed-cue procedure was replaced by a session-performance contingency, introduced by the instruction, "To get the video and the present in the end, you will have to get them all right." The toys and the video cartoons were provided to Emma at the end of the session only if she was correct on all trials. ,
The results of identity and arbitrary matching-to-sample training are displayed in Table 1 . Arbitrary matching-to-sample. Robin and James met criterion during their fourth training session on the AB task. Because Alec and Emma did not show improvement with the delayed-cue procedure, a block trial procedure similar to that described by Saunders and Spradlin (1989) was introduced.
This procedure required differential responses to the two samples. There were two different rubber forms. One form matched the shape A 1 and one form matched the shape of A2.. When the sample stimulus was presented, the student was to select the form that matched and use the rubber form to touch the sample stimulus. This procedure assured sample discrimination. After a criterion of 90% of correct selections within a session was reached on the sample discrimination, the block trial procedure was introduced. During the first phase of this condition the same sample was introduced for 32 consecutive trials. The child was required to select the correct sample stimulus and press the correct comparison stimulus with it. Then the other sample was introduced for 32 trials and the procedure was repeated. When the child reached a criterion of 90% correct during the 32 trial reversal sessions, the number of trials per block was reduced to 16, then to 8, then to 4, and then the child was presented sessions in which the number of trials in a block varied from 2 to 5. Finally, the samples were presented in a random order. During block trial training the differential reinforcement procedure was in effect. It was also necessary in some sessions to add a procedure in which the child lost a token for each incorrect response. The token loss procedure was introduced by the following instruction: ''Today, each time you press and you don't get it right, you will have one token taken out of here:' (The experimenter pOinted to the tray). With these combined procedures Alec required 18 sessions and Emma 36 sessions to meet criterion for AB training.
On BC training trials, Robin and James met criterion in three and four sessions, respectively. Alec met criterion in only one session, while Emma took two sessions.
Baseline Consisting of Identity-Matching and Arbitrary-Matching Trials
All 4 subjects were given one session with mixed identity-and arbitrary-matching trials, and a second session with reinforcement probability reduced to 0.75 in preparation for the probe trials. Criterion was met in both sessions by all 4 subjects.
Stimulus Class Probes
Performance on the baseline relations was always equal to or above 90% during the probe sessions. Robin was given 22 probe sessions and one additional review baseline session. Alec was given 16 probe sessions and one additional baseline session. Emma was given 16 probe sessions, whereas James was given 39 probe sessions and three review baseline sessions.
The responses of all 4 children demonstrated the formation of equivalence classes consisting of the ABC stimuli. As can be seen in the upper section of Figure 3 , the responses on the BA and CB symmetry probes were 100% correct for all 4 children. Alec's responses were also 100% correct on the AC transitivity probes and the CA combined test for symmetry and transitivity. The remaining 3 chIldren made some errors on the initial A-C and/or C-A test trials. However, all 3 of these children reached criterion on all tests for the ABC classes. The figure includes all test trials and not just the last six or eight trials necessary to meet the six for six or seven of eight criterion.
The lower section of Figure 3 shows that very high proportions of Robin's and Alec's responses were consistent with the demonstration of the inclusion of the D1 stimulus in the A 1, B1, C1 class and the D2 stimulus in the A 1, B1, C1 class. For Emma, a high proportion of responses on the AD, DA, BD, CD, and DC probe trials is consistent with the demonstration of the inclusion of the D1 stimulus in the A 1, B1, C1 class, and the inclusion of the D2 stimulus in the A2, B2, C2 class. However, the DB test did not meet the criterion of six of six or seven of eight class consistent responses. The final four DB probe trials were consistent with class inclusion. Because the school term was ending, it was impossible to complete the DB test series.
The data for James shown in the lower section of the figure are quite different from those of the other 3 children. His responses to probe trials including the D stimuli were not consistent with the demonstration of class inclusion of the D1 stimuli in the A 1, B1 , C1 class and the D2 stimulus in the A2, B2, C2 class. His responses to the AD test did reach criterion on one series of eight trials, and they fell short of criterion on subsequent trials. Table 2 shows all verbalizations transcribed. Reliability was never under 98% agreement betWeen independent observers.
Verbalizations
Robin, Alec, and Emma spoke the names of colors on some trials in the presence of the sample, or sample and comparison stimuli. As shown in Table 1 , Robin verbalized frequently during the probe sessions. His verbalizations show a clear preference for the red tokens which were exchanged for small toys. However, he often made comments that included the word "yellow" in the presence of the members of the stimulus class for which a correct response resulted in a yellow token. These comments were often a kind of protest concerning receiving the yellow tokens. Alec and Emma made far fewer color responses, but they did make enough color responses in the presence of the sample and comparison stimuli to demonstrate an association between the stimuli of the classes and the color of the tokens related to the classes. Most of Alec's verbalizations were emitted during probe sessions. He verbalized in the presence of the reinforcers and the reinforcement system ("I finished the reds.") when he finished filling the red column in the matrix. Alec also spontaneously said color names in the presence of sample and comparison stimuli. However, he made such mistakes as selecting the C2 stimulus during a C1 C1 identity-matching trial and saying, "Not that one, the red one." He also demonstrated some reinforcer preference in his verbalizations, such as immediately after trial B2C2, said, "I just had a red , can I just have reds?" or in the presence of trial D1 D1, "I want only the red ones."
The highest concentration of Emma's spontaneous verbalizations fell on arbitrary-matching training trials when the blocked trial procedure was in effect. In the presence of A 1 and B 1, Emma said ''yellow;' and in the presence of A2 and B2, "red;' correctly predicting that all selections would be followed by yellow or red tokens respectively, on that particular session. During a probe session, however, in the presence of C1 , which had been previously followed by R1 (a yellow tOken), Emma said "It's going to be a red:' James never spoke the names of colors in the presence of either the sample alone or in the presence of the sample and comparison stimuli. However, he did call the B1 stimulus a "scribble" and the D1 stimulus a square. The only time he used a color label was when he was placing a token in the matrix.
Because James was the only subject who did not name the other stimuli, and who also did not show inclusion of the D stimuli in the previously formed ABC classes, the question arose whether teaching him to systematically apply the label of the stimuli of each class according to the specific consequences would result in the D stimuli being included in t- their respective classes. To address this question the following procedures were introduced. A new series of baseline sessions served as a basis for teaching him to name the sample and comparison stimuli according to the colors of the tokens. During these trials, reinforcement was contingent not only upon selection of the correct comparison stimulus in the presence of the sample stimulus, but also upon naming the sample and comparison stimulus according to the color of the associated consequence. When the sample appeared, the child was instructed: "At the same time you press, you say if it is red or yellow." If the child remained silent, or whenever necessary, the experimenter repeated the instruction in an abbreviated form: "Is it red or yellow?". Correct sample naming was followed by the presentation of the comparisons. Incorrect sample naming was followed by a 5-s intertrial interval. Correct comparison naming and selection was followed by the stimulus-specific reinforcers as described in the general procedure section. Incorrect comparison naming and/or selection was followed by an intertrial interval. It took three sessions to reach criterion on the naming baseline without prompting, after which reinforcement probability was reduced to 70% in one session. Although baseline selections were nearly perfect, naming accuracy ranged from 76 to 100%. Probe tests were reintroduced in the next five sessions. Baseline selections remained nearly perfect and naming accuracy remained above 93% accuracy level on the first four sessions, but naming accuracy dropped rather suddenly to 81% for the D stimuli on the fifth probe session. Because there were no contingencies for naming in the probe sessions, an additional naming-baseline session was introduced before the final two probe sessions. Reliability scores for naming responses during these sessions were always above 97% between observers. Figure 4 displays James' performance during probe sessions after the introduction of naming training. Responses on BA, CB, AC, and CA probes remained class consistent. Among the probe selections involving D stimuli, class consistency was shown in 37 of 38 trials.
Discussion
The responses of all 4 children demonstrated the development of ABC equivalence classes after AB and AC conditional discrimination training . Moreover, the responses of 3 of the 4 children demonstrated expansion of the ABC classes to include D stimuli based on the specific reinforcers that were delivered contingent on correct responses to the stimuli of the respective classes. These results replicate those of Schenk (1994) almost exactly. In Schenk's preschool children, 6 of 8 showed class expansion based on specific reinforcers. The current study also demonstrated that experimenter-provided names were not necessary for class expansion to occur. However, in all three cases in which class expansion based on specific reinforcers was demonstrated, the children spoke the names of the colors of the tokens in the presence of the sample and comparison stimuli. James, the child for whom such class expansion was not demonstrated, did not say the color names in the presence of the sample and comparison stimuli. Hence, it is still possible that naming played a role in the current study as well as in the Schenk study. Because the children who showed class expansion all said the color names in the presence of the sample and comparison stimuli, and James did not, James was taught color names for the sample and comparison stimuli of the respective classes and then tested to see if the 0 stimuli were included in the respective ABC classes. As was expected, based on earlier studies (Dugdale & Lowe, 1990; Eikeseth & Smith, 1992; Mcintire, Cleary & Thompson, 1987 ), the 0 stimuli were then included in the respective classes.
Experiment 2
Experiment 2 replicated the procedures of the final phase in the study by Dube et al. (1989) which involved reversed reinforcers for 0 stimuli. Specifically, this study addressed the question of whether reversal of the class-specific reinforcers for identity matching with the 0 stimuli would result in a change in the organization of ABCD classes, and if so, would there also be a change in the labels given spontaneously to the 0 stimuli?
Method
Subjects and Procedures
Alec and Robin, who were subjects in Experiment 1, also served as subjects in Experiment 2. After the probe sessions were completed for these subjects in Experiment 1, a new series of baseline sessions was introduced. The basic procedures for these baseline sessions were the same as for those of Experiment 1, except that during Experiment 2, the reinforcers that followed 0 stimuli in identity-matching trials were reversed. During these sessions, correct selections of 01 and 02 were followed now by red and yellow tokens, respectively. After criterion was met in identity matching with reversed reinforcers for 0 stimuli, a new series of probe sessions was introduced. The children's spontaneous verbalizations were recorded according to the same procedures described for Experiment 1.
Results
Robin and Alec received three and two baseline sessions respectively following reversal of the stimulus-specific reinforcers on DO identitymatching trials. During these baseline sessions Alec made nine errors and Robin made two errors. Robin and Alec received 11 and 14 probe sessions, respectively. Although Robin's baseline performance was nearly perfect throughout probing, Alec's overall performance fell to as low as 68% during some sessions. Alec's errors were primarily made on arbitrary-matching 
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to- trials. On the sixth and eighth probe session, a session-performance contingency was introduced for Alec. During these sessions Alec was told, ''To get the video and the present in the end, you will have to get them all right:' After these sessions, performance returned to criterion level. For both subjects, responses on BA, CB, AC, and CA probes remained consistent with the original classes. Results of D stimulus class probes are shown in Figure 5 plotted as the percentage of selections that were consistent with the original stimulus-reinforcer relations (e.g. , selecting D1 and D2 conditionally upon A 1 and A2, respectively), therefore, 0% performance level would show perfect reversal.
As can be seen in the two left panels of Figure 5 most of the probe selections remained consistent with the initial D stimulus-reinforcer relations (25 of 26 for Robin and 34 of 38 for Alec).
During the reversed reinforcer conditions, Robin continued to name the stimuli according to the original or nonreversed reinforcers. For example on the D1 A 1 probe trial, in the presence of sample D1, he said "yellow:'
Naming Training
When the children failed to reverse the class membership for the D1 and D2 stimuli, reversed naming training was introduced. This training was similar to that described for James in Experiment 1. During this phase, reinforcement was contingent upon saying the word "yellow" in the presence of the A 1, B1, C1, D2 stimuli and the word "red" in the presence of the A2, B2, C2, D1 stimuli.
Naming training was conducted in a baseline in which the proportion of trials displaying D stimuli was increased (2 M, 2 BB, 2 CC, 10 DD, 4 AB, 4 BC). Robin and Alec initially received 9 and 4 naming training sessions, respectively. For Alec, criterion was reached on the third session, and it was maintained during a fourth session when reinforcement was reduced in preparation for the probe sessions. After 9 sessions, Robin was only 84.6% consistent on reversed D stimulus naming, but because all other stimulus naming was 100% consistent, and the school period was about to end, the probe sessions were introduced. Baseline performance during naming training remained accurate for both subjects (Robin made 10 errors in 226 trials and Alec made 5 errors in 180 trials).
Ultimately Robin received 10 probe sessions after naming training and Alec received 4 probe sessions for class relations involving the D1 and D2 stimuli. During all probe sessions baseline selections remained accurate for both children. Robin made 4 errors in 229 trials and Alec made 6 errors in 144 trials.
The probe data for the D1 and D2 stimuli during nine sessions for Robin and during four sessions for Alec are shown in the right-hand panel of Figure 5 . Figure 5 and Table 3 for Robin include only the data for nine sessions, because there was a computer failure after only two D probes had been presented. On these probes, the response to one was consistent with reversed name training and the other was consistent with the original specific reinforcer training. Table 3 Robin's Probe Types, Actual Probe Selections, Naming Y ("yellow") and R ("red"). 61  63  64  65  66  67  68  69  70 Trial type A1 D2 A1 D2 A1 D2 A1 D2 A1 D2 A1 D2 As shown in Table 3 , Robin's selections of 01 stimuli in the presence of A 1, 81, and C1 stimuli and 02 stimuli in the presence of A2, 82, and C2 stimuli were disrupted during the first probe session after reversed naming training. Responses to only two of six (AD, DA, and BD) probe trials were not consistent with the reversed names (Session 62). As probes continued, reversed selections became even more consistent with the reversed naming training. When DB, CD, and DC probes were introduced, Robin's responses to three of six probe trials were consistent with original training (Session 67). However, during the next probe session only one of six responses was consistent with the original training, and all responses during the final two sessions were consistent with the reversed naming training. Criterion was met for all, except DB relations, in which Robin showed six reversed selections consistent in eight probes. In other words, reversal of verbal names for the 0 stimuli had resulted in reversal of class membership. Note. When naming was consistent with unreversed reinforcers the cell corresponding to the name given is bold and underlined.
Sessions
After meeting criterion for reversed naming training, Alec was given two probe sessions in which only the ABC classes were probed. Alec's naming performance deteriorated during these two sessions, as can be seen in Table 4 , which shows his naming and selection data for Session 71. His selections were perfect on all trials. However, after the first three DD identity trials, he named a high proportion of the D stimuli according to the original specific reinforcer colors. Because of the deterioration in Alec's reversed naming performance he was given three additional naming training sessions. During the last two of these sessions, the proportion of DD trials was increased (2 AA, 2 BB, 2 CC, 20 DD, 2 AB, and 2 BC). His reversed naming performances once again returned to criterion level. After meeting criterion level for reversed naming for the D stimuli, probe sessions for the AD, DA, and BD relations were introduced.
As shown in Table 5 , during the first probe session (Session 74) for the AD, DA, and BD relations, only one response was consistent with the reversed names. Moreover, during this session Alec's reversed naming performance deteriorated, so two additional sessions of reversed naming training were introduced. After the additional sessions of reversed naming training, the second AD, DA, BD probe session (Session 77) was conducted. During this session, the responses to four of six probe trials were consistent with the reversed names, and during the third session 100% of the Dprobes were consistent with the reversed names. When a DB, CD, DC probe session (Session 79) was introduced, three of five of Alec's responses were consistent with reversed naming training. Because of the end of the school term, additional probe sessions could not be conducted with Alec. However, the data shown in Table 5 indicate that his responses to the probe trials involving D stimuli were becoming more consistent with reversed naming training.
General Discussion
Experiment investigated stimulus-specific reinforcement procedures and stimulus-class expansion. It systematically replicated the results of Dube et al. (1989) and Schenk (1994) and extended the study of stimulus class relations and stimulus-specific reinforcement to include the recording of spontaneous verbal behavior. A stimulus-specific reinforcement procedure was used to teach preschool children to perform identity and arbitrary matching to sample tasks. The results revealed the emergence of two three-stimuli equivalence classes (A 1-B1-C1 and A2-B2-C2) that could have been formed either by the traditional conditional discrimination procedures (AB and BC training), or by association with a common consequence. For 3 of the subjects, the stimulus specific reinforcement for correct responses to D1 and D2 responses during identity matching was sufficient to establish D1 as a member of the A 1-B1-C1 class and D2 as a member of the A2-B2-C2 class. The proportion of children whose responses demonstrated the expansion of the ABC classes to include D stimuli based on specific reinforcement during identity matching is the same as the proportion reported by Schenk. Hence, the current study demonstrated that for preschool children, class expansion is not dependent on the experimenter naming the color of the specific reinforcers. However, this finding does not imply that naming the reinforcer played no role in class expansion. The 3 children whose responses demonstrated class expansion also named the sample and/or comparison stimuli at some point during training or testing. The child whose responses did not demonstrate class expansion did not name the samples or comparisons with color names at any point during training or testing. Moreover, when the child who had not added this member to the class was taught to name all of the stimuli according to the color of the tokens delivered for correct responses to the stimuli, he too included the o stimuli in the predicted classes.
Although the results of Experiment 1 clearly replicate the results of earlier studies, Experiment 2 failed to replicate the results of Dube et al. (1989) . When Dube et al. reversed the reinforcement contingencies for the 0 stimuli, they obtained a reversal in the class membership of the 0 stimuli. No such reversal occurred when the contingencies for 0 identity matching were reversed for the 2 children of Experiment 2. Why did the subjects for Dube et al. show a reversal while the normal children did not? Because of the many procedural differences between the two studies, no definitive answer can be given. Let us look at the procedural differences between the two studies. First, the subjects of Dube et al. were retarded adults; the subjects of Experiment 2 were normal preschool children. However, it seems unlikely that these population differences are critical. For that to be the case, one would have to assume that the behavior of mentally retarded adults is more readily changed by contingencies than is the behavior of preschool children. That seems unlikely. Second, Dube et al. used primary reinforcers (solid foods and liquids) as their specific reinforcers, whereas the current studies used different colored tokens which were redeemable in different kinds of nonfood reinforcers. It may be the case that the more primitive gustatory reinforcers are more powerful in establishing and maintaining related classes than are the conditioned reinforcers of the current study (Hayes, Tilley, & Hayes, 1988) . If so, a reversal of gustatory reinforcers could be more effective in reversing class membership than a reversal of conditioned reinforcers. Third, the baselines for the reversed reinforcement contingencies for the Dube et al. study were longer than the reversed reinforcement contingencies for Experiment 2. Because the longer baselines would give the subjects more opportunity to learn the stimulus-reinforcer relations, it seems quite likely that this variable played a role in the differences found between the two studies. A fourth variable that may account for the differences between the two studies is naming. Although Dube et al. did not systematically record verbal behavior as was done in the current study, there is no indication that their subjects named the sample or comparison stimuli. In the current study the children .who demonstrated class expansion did name the sample and comparison stimuli according to the colors of the tokens. Moreover, Robin continued to overtly name them according to the initial training even after the contingencies had been reversed. This finding is interesting, because it suggests that while naming the sample and comparison stimuli was initially dependent on the differential consequences, once the names were established, they were not reversed by the reversed consequences. The studies by Dube et al. (1989) and Schenk (1994) as well as the current study demonstrate that a common consequence is sufficient to establish stimuli as members of the same class, if there is nothing to preclude such class expansion. However, most equivalence studies have used a single consequence to teach the conditional discriminations prerequisite to the development of distinct equivalence classes. Hence, we can assume that the class establishing effects of a common reinforcer can be readily overcome. That is, specific reinforcer effects exist, but they are relatively weak. If they were not, one could not establish conditional discriminations by using a single type of reinforcer. However, the effects of naming on the development of classes is rather strong. In fact, sometimes classes have been established by naming even after traditional matching-to-sample training has failed to result in such classes (Dugdale & Lowe, 1990; Eikeseth & Smith, 1992; Mcintire et aL, 1987) . If the subjects of Dube et aL did not name the stimuli, then the maintenance of class expansion to the D stimuli would depend solely on the specific consequences, hence, when the consequences were reversed the class membership of the D stimuli reversed. However, in the case of the current study, the sample and comparison stimuli may have controlled common names and the names for the sample and comparisons may have remained consistent with the original consequences, rather than the reversed consequences. Because names are very powerful controlling variables, it seems likely that the maintenance of the original names interferred with reversal of class membeship.
The fact that the preschool children's responses to the D stimuli during class probes did not reverse after reversal of the stimulusreinforcer relations during identity matching is not surprising. Several studies have shown that after stimulus classes have been demonstrated through testing, the class membership is very resistant to changes in the original contingencies (Pilgrim, Chambers, & Galizio, 1995; Pilgrim & Galizio, 1990; Saunders et aL, 1988) . Pilgrim and Galizio (1990) taught college students an AB and AC conditional discrimination, then tested for symmetry (BA and CA) and equivalence (BC and CB). These tests were all positive. Then the reinforcement contingencies for the AC relation were reversed . That is, reinforcement was now contingent on selecting C2 when the A 1 sample was presented and the C1 stimulus when the A2 sample was presented . When the subjects were retested for the CB and BC relations, they remained consistent with the initial training. The results of this study were replicated by with children. The study of Saunders, Drake, & Spradlin (1999) is one of the few studies that has reported a reversal of class membership after contingencies for one of the baseline relations has been reversed. There was a reversal for 3 of 4 children. Neither Pilgrim and Galizio nor Saunders and his colleagues recorded their subjects' verbal behavior, so we do not know whether they named the stimuli or not. Even if there was no overt naming, we can not be sure that covert naming did not occur. Sidman et aL (1985) reported subjects who performed well on equivalence tasks, but in postexperimental tests (no verbal data across training and probes were collected), did not label the stimuli consistent with training. Nevertheless, there is a mounting body of literature that demonstrates that when other procedures fail to generate stimulus classes, stimulus classes are demonstrated after a common response has been trained for all stimuli in the class (Dugdale & Lowe, 1990; Eikeseth & Smith, 1992; Mcintire et aI., 1987) . The current experiments add to that body of literature. When James was taught to label each stimulus within a class with the color name for the token, he immediately demonstrated perfect performance on all of the relations among members of the class. This performance was in marked contrast to his performance, not only for the expanded class, but also for the ABC class prior to labeling training. Moreover, when 2 children, who failed to reverse their probe responses to the D stimuli after reversal of the specific stimulusreinforcer relations during identity matching, were taught to give a common name to all stimuli, they did reverse their probe responses. Although the question of whether or not stimulus equivalence is mediated by verbal behavior in human subjects may never be satisfactorily answered (Sidman, 1990) , the answer to the practical question of how to establish or modify a stimulus class consisting of initially unrelated stimuli seems clear. In addition to match-to-sample training, teach the subject a common verbal label for each stimulus within the to-be-established class.
